1 Effective January 2007, the Discussion Paper series within each division and the Director General's Office of IFPRI were merged into one IFPRI-wide Discussion Paper series. The new series begins with number 00689, reflecting the prior publication of 688 discussion papers within the dispersed series. The earlier series are available on IFPRI's website at www.ifpri.org/pubs/otherpubs.htm#dp.
INTRODUCTION
Product quality affects the value of a good to a buyer. Some product attributes are observable, such as size and shape. Others, such as pesticide use, can only be observed at a cost or not at all, but can have delayed health effects. Economists have long recognized the importance of product quality. The issue has received most attention in the industrial organization literature where it has been modeled primarily in terms of product differentiation. In that literature, the focus has been on firms' decisions to position their products in quality space, taking into account the response of other firms (for example Perloff and Salop 1985; Dixit and Stiglitz 1977) . Limited operability is typically assumed to be solved through a reputation mechanism based on brand name and product recognition (for example Tadelis 1999; Horner 2002 ).
This approach is not easily applied to agricultural markets in poor countries. The large number of producers and market intermediaries makes it impossible for consumers to rely on brand names. This raises empirical questions regarding agricultural markets in poor countries: Is information about product quality transmitted through the value chain? If yes, which dimensions of quality are transmitted and how?
We partially answer these questions using original survey data collected about the marketing of non-staple food crops in India. We investigate the way information about quality is conveyed (or not) along the value chain. Non-staple crops such as fruits and vegetables are a good study choice because quality (for example, taste, perish ability, safety) varies and matters more to consumers for fruits and vegetables than for grain. Given its rapid economic growth and large middle class, India is a perfect country in which to study product quality in agricultural markets. Rising incomes translate into both rapidly increasing demand for fruits and vegetables and a higher value on quality. 1 Results show that a large number of growers, traders, and processors are involved in the production, marketing, and processing of non-staple crops. There is very little evidence of horizontal or vertical integration/coordination, and the use of modern forms of organization is negligible. Contract farming is rare (and in some cases illegal). There is little involvement by supermarkets. Most of the economic agents involved in the value chain are quite small, except in wholesale, where concentration is marked. Except for a handful of processors, brand names are not used to identify and differentiate products. The use of modern technology is also limited. The services and infrastructure provided by wholesale markets remain basic, with little cold storage and little or no organized pest control. The environment thus does not appear designed to identify, protect, and certify quality differences that are not observable.
Unsurprisingly, we found that information about product quality does not circulate well. The data show that quality differences exist and that they are translated into price differences throughout the value chain. But quality is largely defined on the basis of observable attributes such as size and color. Quality differences are not translated into well-defined grades and product attributes have to be assessed individually by each market participant.
2 Some quality information travels along only part of the chain, stopping at the level of wholesalers -perhaps because it is not relevant for retailers located downstream.
Information about unobservable attributes is not conveyed at all. This is true, for instance, of information about pesticide and fertilizer application, post-harvest pesticide treatment, or the origin of irrigation water.
As a result, sanitary risk is difficult to assess. Given that it is not assessed, it is not rewarded and growers do not even appear aware of sanitary risk. Finally, we find that most processors of the studied crops focus on transforming inferior quality products that they purchase at a discount, suggesting that the function of agro-processing is to reduce wastage.
Taken together, these findings indicate that the current value chain for non-staple crops in India provides a basic service, focusing on quantity rather than quality. This may be because many consumers are unwilling to pay a premium for attributes -such as food safety -that they do not perceive as relevant.
As India further develops, however, urban consumers may put pressure on the chain to upgrade.
Agricultural markets in India have been studied extensively. The research has mainly focused on the effect of international trade liberalization (for example Sahwney 2005; Storm 1997; Parikh et al. 1997; Athukorala and Jayasuriya 2003) , the impact of public policy interventions (for example Umali-Deininger and Deininger 2001; Ramaswami and Balakrishnan 2002; Banerji and Meenakski 2004) , and the existence of market integration (Palaskas and Harriss-White 1996) . Little specific information is available about the value chain for non-staple crops.
More recent research has focused on the effect of contract farming and the emergence of new marketing arrangements for high-value food commodities (for example Singh 2002; Deshingkar et al. 2003; Birthal, Joshi and Gulati 2005) . This is in line with emerging research on changing food marketing systems and the rise of vertical integration in commodity chains in developing and transition economies (for example Reardon and Barrett 2000; Reardon et al. 2003; Reardon and Swinnen 2004; Gulati et al. 2005 ). Our findings complement this literature, showing that Indian fruit and vegetable markets have yet to be affected by the supermarket revolution.
This paper is organized as follows. The conceptual framework is outlined in Section 2. The data collection process and the general characteristics of agents in the value chain are described in Section 3.
The empirical analysis of the circulation of information about product quality is presented in Section 4.
We finish with the conclusions in Section 5.
CONCEPTUAL FRAMEWORK
To clarify the issues surrounding quality control in the agricultural value chain, we begin by developing a simple model of the value and provision of quality. We then examine the conditions under which 'first best' is achieved. q denotes the weight of the consignment. We normalize attributes so that consumers derive positive utility from them, that is:
A Model of Quality
. For simplicity, we assume that U is measured in money equivalent. Now consider two consignments i and j, differing only in attribute k. For the consumer to be indifferent between the two, the price differential between the two must be equal to the difference in utility:
The price differential between the two consignments can thus be regarded as the implicit price of attribute k. 4 We now turn to the production of attributes. Suppose for a moment that all attributes are perfectly observable. Growers have a joint production function for attributes denoted in implicit form as:
where x is a vector of production inputs. Dropping the i subscript to improve readability, the efficient allocation is obtained from solving a social planner problem of the form:
3 If an attribute yields negative utility, for example the presence of bacteria, then we define q i k as the negative of that attribute. 4 If utility is additively separable, that is, if 
In equilibrium, λ is the price of the consignment. Combining the consumption and production sides, it follows that:
The above equation says that, in an efficient equilibrium, the price premium associated with attribute k is equal to the marginal utility of that attribute (expressed in money terms) and also equal to the marginal cost of producing the attribute.
For an efficient equilibrium to arise, correct information about attributes must be conveyed down the value chain. To see this, imagine that correct information is only conveyed about a subset S of attributes with S<N. Since consumers only pay for attributes about which information is available, the This would be the case, for instance, for costly but unobservable post-harvest treatment. In many other cases, the quantity of unobserved attributes is not 0 simply because these attributes are produced at no extra cost in conjunction with observable attributes, for example, tomatoes have a taste even if no special effort has been made to enhance it.
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The marginal utility of certain product attributes is likely to be income sensitive. For instance, interest in organic foods and concerns over pesticide residues are higher among rich consumers.
Accessing different markets thus requires variation in the mix of attributes. Poor Indian consumers, for instance, may be unwilling or unable to pay for the cost of reducing the health risks associated with food consumption. Foreign consumers in export markets, on the other hand, tend to be concerned with sanitary issues. Better-off domestic consumers are also likely to be willing to pay more for certain attributes, such as freshness and taste. In order to serve these categories of consumers, the market must convey information about the attributes that more discriminating consumers care about. If the necessary information does not circulate through the chain, it is impossible for these consumers to signal their willingness to pay more for specific attributes.
Information Flows
So far we have discussed the cost of providing the attributes themselves. Now we will consider the cost of transferring information about attributes. Imagine a consumer deciding whether or not to purchase a consignment. Not buying yields a normalized payoff of 0. There is one discrete attribute k that is either present or absent, that is,
. This attribute is revealed through consumption, but is not immediately observable at buying time. There is no warranty. (1) When the inspection cost c is 0, the price differential between the high-and low-quality good is equal to the utility gain generated by the quality differential: Proposition 1 illustrates that the existence of inspection costs undermines the market for quality and results in under-provision. If quality is totally unobservable, the production of quality is not rewarded. That means, for instance, that sellers will not report any health risks associated with the good. This unsatisfactory outcome arises because sellers do not provide warranty. If they did, they could promise to compensate the buyer if, upon consumption, the good is revealed to be of inferior quality.
8 Given the small size of most transactions and the relative poverty of most parties, we do not expect the threat of court action to be credible and courts are probably unable to enforce warranty (Bigsten et al. 2000; Fafchamps and Minten 2001) . Contract enforcement mechanisms based on repeated interactions 9 can, in principle, enforce warranty obligations and thus reward the production of quality.
Warranty has to be provided each time the product changes hands. 7 The other root is smaller and hence is never optimal for the seller. 8 The optimal compensation is 0 1
. With warranty, the buyer no longer needs to inspect the good since his payoff without inspecting now is:
It is therefore optimal for the seller to set 1 * 1 U p = , which ensures first best. Finally if, as is reasonable, we assume that the seller incurs a cost when compensating a defrauded buyer, it follows that truth-telling is optimal at: τ=1.
9 These mechanisms are discussed in detail, for instance, in Fafchamps (1996) and Fafchamps (2004) and need not be debated here. This is difficult to implement in an atomistic value chain with lots of intermediaries. Better vertical coordination can help solve this problem by reducing the number of transactions between grower and consumer. Examples of vertical coordination include contract farming and out-grower schemes.
Supermarkets also favor vertical coordination by reducing the number of intermediaries between wholesaler and consumer (Reardon et al. 2003 ).
There are hidden attributes, such as health risk, that are not immediately or unambiguously revealed upon consumption. In principle, it may be possible to hold sellers responsible for the damage they have caused even if the damage is manifested with a lag. But providing the necessary evidence may be extremely difficult, and tracing the guilty party may be close to impossible in an atomistic market. In this case, external verification of the chain is necessary. This can be accomplished by the government through health and safety regulations. It can also be provided privately through franchising or independent certification. In recent years there has been an expansion of private and semi-private certification and labeling. 10 In developing countries, certification often involves non-governmental organizations that act as external guarantors.
To summarize, in the absence of regulations and certification, the theory predicts that, unless reputation effects enable economic agents to credibly offer warranty, attributes that are completely unobservable by the buyer do not carry a price premium. In contrast, attributes that are observable may carry a premium if the attribute is valued by the buyer. Attributes that are valued by certain intermediaries but not by the final consumers carry a premium in the value chain only up to the level of those intermediaries.
The model also predicts that sellers announce the attributes of what they sell only if this attribute can be observed at a cost. If the attribute can be observed without cost, making an announcement is irrelevant; if the attribute cannot be observed at all, announcements are not believed so there is no point making them. The objective of our empirical analysis is to investigate whether these predictions hold in the case of non-staple food marketing in India.
DATA
Detailed data was collected from representative random samples of growers, traders, and processors of non-staple crops. To facilitate comparison, the surveys focus on five crops: mango, tomato, potato, turmeric, and maize. The first three are perishable fruit and vegetable crops. 11 Turmeric is partly destined for export markets, and maize is a feed crop. Information on individual agents is supplemented by data collected from market and village authorities.
We focus on four Indian states -Tamil Nadu, Uttar Pradesh, Maharashtra, and Orissa. These states were chosen to capture the geographical and institutional diversity of India. Tamil Nadu and Maharashtra represent middle and southern states. The main difference between the two is institutional: in Maharashtra agricultural markets are tightly regulated while in Tamil Nadu they are not. Uttar Pradesh and Orissa represent northern states. Again, the main difference between the two is institutional. While both are regulated, in Orissa government intervention in agricultural markets is generally regarded as ineffective, but in Uttar Pradesh is thought to be better in this respect.
Except in Tamil Nadu, where the intervention of the state in agricultural markets is limited, the exchange of non-staple agricultural products falls in principle under the same rule as trade in major staples. In principle, all wholesale trade must take place within regulated markets and lots must be sold via auction through the intermediation of commissioned agents. In practice, auctions are seldom used for non-staple crops, and when they are they take the form of a silent auction. Commission agents play an important role in non-staple markets but their function and contractual responsibility is ambiguous. In practice, they seem to operate in a way that is indistinguishable from that of wholesalers. In the end, government intervention in non-staple markets boils down to providing market infrastructure and subsidized stalls to traders, who in turn have to pay a market tax. In none of the states are there effective regulations on quality issues.
Detailed surveys of traders, growers, and processors were conducted in each of the four states covered by the study. In each state 20 wholesale markets and 40 villages were selected in order to construct a sample of 400 traders and 400 farmers. Community surveys were conducted at the market and village level. We also surveyed 600 processors and exporters. Given the difficulties encountered in constructing a reliable sampling frame and in getting selected enterprises to respond to the questionnaire, we make little use of those data here. Details of the sampling strategy can be found in Fafchamps, Hill, and Minten (2006) . Table 1 ). What this shows is that trade in non-staple crops is atomistic, with lots of intermediaries involved. Supermarkets are basically absent from the fruit and vegetable value chain.
Contract farming is extremely rare and, in many states, still illegal. We found no public or private grading, certification, or labeling program in place for the five non-staple crops covered by the study.
Descriptive statistics for surveyed farmers are presented in Table 2 . Figures are weighted to ensure representativeness in each state. Production of non-staple crops is even more atomistic than marketing, with tens of millions of small farmers involved. The characteristics of heads of farming households are similar across states. The distance to markets reported by farmers indicates that markets are located much further from producers in Tamil Nadu than in other states. This is true for both wholesale and retail markets. Maharashtra follows Tamil Nadu, with average wholesale market distances of 17 and 30 kilometers. However the larger distances to wholesale markets in Tamil Nadu and Maharashtra do not deter farmers from selling there, as more farmers sell at wholesale markets in these states than in Uttar Pradesh and Orissa. In Orissa, in contrast to the other states, farmers are more likely to sell at retail than wholesale markets. Contract farming could potentially solve some of the coordination and information problems between suppliers and buyers. Information on contract farming collected during the survey indicates that very few farmers -only 5 percent of the farmers in our study -are engaged in contract farming. Nearly all the contracts observed in the survey are for mango farmers. The only input provided by a large proportion of buyers is harvesting labor. Farming contracts thus boil down to forward sales of mangoes on the trees, which the buyer harvests himself in half of the contracts. The perceived advantages of contract farming in its current form are mostly related to price and client security; few farmers report provision of inputs or quality control. One fourth of respondents mention "cash in advance" as the reason for selling their crop forward. The major perceived disadvantage is getting a lower price than they would get if they sold on the spot after harvest. Taken together, the evidence thus indicates that contract farming, as it is currently practiced, is not used for quality-control purposes. 
EMPIRICAL RESULTS
We have briefly summarized the main characteristics of the population of growers, traders, processors, and exporters of mango, tomato, potato, maize, and turmeric. We have seen that production and marketing are atomistic, with little or no use of vertical integration or contracting to solve information problems. We now examine their trading practices, with a focus on quality control and the transfer of information about crop attributes.
Theory predicts that, in the absence of external certification, an atomistic value chain will only relay information about attributes that are observable by buyers. Information on attributes that are not observable by buyers -such as agricultural practices -will not be provided, whether these practices are valued by consumers or not. As a result, there will be no difference in the unit price of goods grown using different agricultural practices. Theory also predicts that sellers need not explicitly provide information about characteristics that are observable without cost by buyers, such as size and color. 12 Information should only be explicitly provided for attributes that are observable at a cost, such as taste or weight.
We examine the evidence in two ways. First we take advantage of the rich descriptive data we have collected to document quality control and information transfer practices. We also look for evidence that the government uses its involvement in agricultural marketing to promote quality and safety. We then turn to multivariate analysis to test whether unit prices paid to growers only vary with observable characteristics.
Information Transfer and Quality Control
We begin by showing in Table 3 that a large majority of farmers use pesticides, irrigation, and fertilizer on the five studied crops. The only exception is mango, which is seldom irrigated. The median number of pesticide applications is between two and three times over a crop cycle, depending on the state. The median time elapsed between harvest and the last pesticide application is large for maize, mango, and turmeric (six to eight weeks) but is much smaller for tomato and potato (two to three weeks). Few farmers have their soil tested, and when they do it is primarily to determine what the soil is good for, not to find out about pesticide residues. While about 60 percent of the villages were visited by agricultural officers over the last year, only 8 percent were told that certain pesticides should not be used and that their postharvesting practices should be changed. Only 1 percent of the villages have been told that certain water sources should not be used for irrigating crops. Not all growers dry or clean their produce before selling it. Fumigation or any other type of post-harvest treatment is hardly ever undertaken by growers, except for the turmeric crop. Only for turmeric do growers undertake any grading.
12 That is, if the buyer is physically present and the produce is packed in such a way that it can be observed. From this evidence, it appears that farmers are primarily concerned about the quantity and appearance of their produce, which are undoubtedly enhanced by the use of fertilizer, irrigation, and pesticides. But growers are less involved in post-harvest treatment and processing. Few of them seem aware of possible sanitary issues raised by pesticide usage or irrigation. This could be explained by the lack of concern for sanitary issues further down the value chain: if produce is likely to be soiled during handling at the wholesale or retail market, there is little reason for growers to worry about sanitary issues. Table 4 shows that market infrastructure is indeed minimal in most cases. This is true even though our sample focuses on large wholesale and regulated markets that are probably better on average than rural retail markets. We note a lack of tarred surfaces and of public toilets in the wholesale and retail markets generally. There is a lack of piped water in individual stalls, which is crucial for hygiene. There is little cold storage, and few if any grading/sanitary services were found in the markets that we studied.
Drainage is poor. Wherever measures had been taken against rats and pests, which had not happened frequently, they were undertaken by individual traders, not by market authorities. Given these conditions, it is likely that the studied crops are cleaner when they leave the farm than when they reach the consumer.
Does this imply that there are no differences in quality? Quite the contrary. As shown in Table 5 , almost all of the growers and traders recognize different varieties for the five crops under study. Farmers associate quality differences with differences in size, shape, color, and moisture content -the latter being relevant only for maize and turmeric. These are easily observable attributes. Some growers reckon that quality depends on taste and smell, but these attributes appear less important. They are also less immediately observable. 13 Quality differences are associated with large price differences, especially for turmeric, tomato, and mango. From this it appears that growers perceive a strong price premium associated with observable quality.
A similar picture emerges from the answers provided by traders (second panel of Table 5 ). Except for maize, where one-fifth of growers and traders think that size does not matter, size is associated with quality by virtually all respondents. Shape matters somewhat less for traders than growers, except for potato. While nearly all growers think that color matters for quality, traders seem less concerned about it, except in the case of tomato. Smell is also less important, especially for maize and potato. Similarly, traders seem less interested in taste than growers: a majority of traders state that quality does not depend on taste, while half of the growers claim that it does. The difference is particularly striking in the case of turmeric, where 54 percent of growers state that quality depends on taste while only 8 percent of traders say so. These results show that in their assessment of what affects product quality, traders grant less weight than growers to less observable attributes. Traders and farmers report large price differentials associated with differences in quality. This is particularly true for tomato and mango, the most perishable of the studied crops. Prices for these crops can increase or decrease by 50 percent for good and bad quality, respectively. The differential is significantly lower for maize. Turmeric is an oddity: according to growers, price varies a lot with quality but according to traders it does not. More investigation is required to understand these features.
Next we turn to the information transmission process. Table 6 compares the information that growers claim buyers can tell by direct observation with the information they report transmitting to buyers. Growers vary a lot in the size of their production of non-staple crops. To capture the proportion of aggregate marketed surplus for which agronomic information is conveyed to the buyer, we weight farmers' answers by the quantity they sell. In so doing, we get a sense of the information available for the average produce in the value chain.
The first panel of Table 6 represents the percentage of marketed output for which the grower reports that the buyer can observe various crop attributes. We see that -with the possible exception of potato -buyers cannot tell whether growers have used fertilizer, pesticides, or irrigation. Buyers can quite easily tell which variety they are being offered. For those growers who undertake post-harvest operations such as drying, cleaning, or grading, the majority state that buyers can tell whether the activity has been undertaken. In this case fumigation is the strong exception, with buyers being unable to tell whether it has been applied by growers.
The second panel of Table 6 presents the percentage of market output for which growers reported a given attribute. Percentages are computed only for those farmers who undertake the activity associated with the given attribute. We see that growers transmit very little information directly to buyers. The only apparent exception is packaging, but presumably buyers can tell whether the produce is packaged or not.
The explanation for this apparent lack of information transfer does not seem to lie with growers.
Buyers show little interest in -and require little information on -agronomic practices. For instance, a very low percentage of farmers said that during the last five years buyers have asked them not to use certain agricultural inputs, or asked for changes in post-harvest practices. Virtually no farmer states that a buyer would pay more for produce complying with new specifications or requirements. *source is village survey; for other variables source is farmer survey. **Growers vary a lot in the size of their production of non-staple crops. To capture the proportion of aggregate marketed surplus for which agronomic information is conveyed to the buyer, we weight farmers' answers by the quantity they sell. In so doing, we get a sense of the information available for the average produce in the value chain.
Statements by farmers are confirmed by the results of village focus-group interviews. While between 30 and 40 percent of village focus groups declare that buyers of maize, potato, tomato, and turmeric pay attention to the type of seed that is used, percentages quickly drop off for the buyers' interest in the type of pesticides that are used, the timing of the use of these pesticides, and the kind of irrigation water used. Only about half of the villages state that buyers of agricultural produce in the village would refuse produce affected by fungus/pests.
Farmers were also asked where they obtain information on acceptable agricultural and postharvest practices. The majority of farmers said that they obtained this information from other farmers (Table 7) . Agricultural traders are seldom cited as a source of information on fertilizer and pesticide use (6 percent), irrigation practices (3 percent), sorting/grading of crops (7 percent), or post-harvest practices (5 percent). This confirms that very little information travels from traders to farmers regarding agricultural practices that could potentially affect the quality or safety of non-staple crops. This is consistent with earlier information indicating that traders care little about such crop attributes.
From this we conclude that the value chain does not reward specific agronomic practices, except to the extent that these practices affect directly observable characteristics. This finding is consistent with our model, which indicates that conditioning the price on unobservable characteristics is only feasible if sufficient trust exists between seller and buyer. If sufficient trust is not present, such conditioning is not credible because it would result in misreporting. That misreporting is indeed possible is suggested by the observation that growers who fumigate fail to report this information to buyers. 0  7  2  Input suppliers  3  2  2  0  2  Radio/television  1  1  0  2  1  Newspaper/magazine  5  0  0  0  1  Personal observation  52  8  3  0  9  Other  0  3  5  0  3  Number of observations  378  401  401  400  1580 Similar information was collected for market auctions that take place in regulated markets.
Results are presented in Table 8 . We see that surprisingly little information is explicitly conveyed to potential buyers. The quantity for sale is not reported in many cases, probably because individual buyers bid only for a portion of the consignment. We note that, consistent with our earlier findings, little or no information is provided regarding agronomic practices. Buyers also learn little about the humidity content, the place of origin, the grade or size, or the crop variety. Attributes that are least observable are the least likely to be explicitly mentioned at the auction. Buyers have to make up their own mind based on observable characteristics of lots offered for sale. This interpretation is confirmed by Table 9 , which shows quality control by individual traders.
Respondents were asked to comment on quality control by themselves and by buyers during their last completed transaction. Responses indicate that the overwhelming majority of buyers and sellers check variety, quality, and grade directly. In contrast, there is little interest in unobservable characteristics such as storage conditions, post-harvest treatments, and use of pesticides. Very similar results were obtained for exporters and processors. While some traders refuse produce due to quality concerns, this is much less the case for food safety concerns. Food safety seems to be a relatively minor concern of value chain participants. To pursue this issue further, we report in Table 10 detailed answers to attitudes towards sanitary and phyto-sanitary issues by traders, processors, and exporters. Traders are broken down into commission-agents, wholesalers, and retailers. A majority of respondents claim to purchase mostly from regular suppliers they trust. Most respondents also state that buyers buy from them because they trust the quality of the products they sell. Yet, most respondents appear unaware of possible sanitary issues related with their activity. This is particularly true among retailers, who deal directly with consumers, and for processors, who transform agricultural products for human consumption. Table 10 shows that few retailers and processors are willing to pay more for produce of better sanitary quality, and that few of them purchase from specific buyers because they trust the sanitary condition of what they buy. These results are consistent with the non-observable character of sanitary attributes.
Wholesalers are more aware of sanitary issues, however, with half of them incurring costs for sanitary purposes. However, those who purchase from wholesalers -retailers and processors -do not appear to care or to be willing to pay a sanitary quality premium. Consequently, the benefits from better sanitary care by wholesalers -assuming it exists -are likely to be lost further down in the value chain.
In marketing systems in developed countries, packaging is often used to convey information to buyers about the characteristics of the produce. Our survey shows that only one-third of the retailers bought bagged or boxed produce. This figure is higher for commission agents and wholesalers. In most cases, packaging material is returned to the seller. All this suggests that bags and boxes are mostly used for transportation purposes. Information about unobservable characteristics does not appear to be transmitted through marked packaging. We have already seen that regulated wholesale markets only offer basic infrastructure, with poor drainage and sanitation. Table 10 suggests that regulation is also deficient. Few processors or exporters obtain a health or phyto-sanitary certificate. Virtually no trader, processor, or exporter of agricultural products has dealt with a government agency regarding sanitary or environmental regulation issues.
Prices
Now that we have a better sense of how information circulates in the value chain, we turn to prices. In the survey, traders, processors, and exporters were asked whether prices depend on various crop attributes.
Their answers are summarized in Table 11 . 14 The most striking finding is the contrast between answers
given by wholesalers compared to other participants in the value chain, mainly retailers, processors, and exporters. A majority of wholesalers are of the opinion that prices paid for the five studied crops depend on various post-harvest practices. In contrast, the majority of retailers, processors, and exporters do not think that post-harvest practices affect the price. A large proportion of processors and exporters even report that they do not know whether the price they pay depends on post-harvest practices or not.
Commission agents occupy an intermediate position: they reckon prices depend on cleaning, packaging, and grading, but not on any other post-harvest practice.
These results imply that these attributes are important for wholesalers but not for downstream retailers and processors. This may be because handling and transport losses affect wholesalers but not consumers. The price premium thus stops somewhere along the chain, as suggested in the conceptual section. The relative lack of interest in post-harvest practices expressed by processors is consistent with our earlier observation that, if anything, processors purchase mainly low-quality fruits and vegetables and hence care little about attributes that determine quality.
14 Respondents were also asked whether the price paid depends on various agricultural practices such as planting date, irrigation, and the application of pesticides and fertilizer. Many respondents answered that it does, a surprising outcome since, as we have seen, little information about agricultural practices travels through the value chain. We suspect that some respondents failed to draw the distinction between unit price and revenue. For instance, many traders answered that the price paid depends on the planting date. They may have understood the question as referring to the price paid for the entire crop, which depends on yield and thus on planting date. The same reasoning probably applies to questions about irrigation and the application of pesticide and fertilizer. For this reason we focus on questions regarding post-harvest treatment, which are less subject to this bias. Results presented in Table 12 therefore focus on post-harvest practices. They show a price premium for crops sold dried and graded. Not only are the coefficients strongly significant, the magnitude of the effect is also rather large. Results suggest that grading raises the price paid by 6 percent on average, while drying the crop raises it by 32 percent. Looking at individual crop results, we see that drying is a practice that is relevant only for maize and turmeric. For the latter, drying basically doubles the value of the crop.
Of course, drying reduces moisture content and weight, so that part of the effect is mechanical. But drying also increases storability.
Pooled results also suggest a large positive premium for fumigated crops, but this result seems to be an artifact of pooling. Indeed, the significance of the fumigation coefficient completely disappears in the regressions at the product level. It is seemingly driven by the fact that turmeric fetches a much higher unit price than other crops and is also much more likely to be fumigated: 25 percent of turmeric is reported to be fumigated by farmers, compared to 3 to 7 percent for other crops.
Other regressors are also of interest. When the product is harvested by the farmers themselves, we observe on average a positive price premium, especially for mango. This is normal since the buyer has to incur the harvesting cost. In the case of maize, we get the opposite result: farmers who do not harvest the crop themselves get on average a higher price. This may correspond to situations in which the farmer is approached by a trader keen to secure maize quantities when the maize price is high. Crops sold under a contract farming contract receive a slightly lower price, but the difference is significant only for tomato and potato. 17 We also note that farmers receive a significantly higher price when selling to a commission agent. 15 Measurement error in quantity sold may also affect the result. 16 There is an issue of the extent to which the farmer practices are captured by observable quality characteristics. Variety, quality, and grade are observed and that information is used in price determination but the quality outcomes are in part a consequence of some unobservable farm-level practices (for example pesticide and fertilizer use).
17 Different reasons might exist for this. Perhaps farmers accept a discount in return for the risk-reduction associated with the fixed price; perhaps the price reflects the provision of "free" inputs before planting; or perhaps this is an artifact of the year of the survey, in which the market price happened to be higher than usual.
The price paid also depends on where the crop was sold, a point studied in detail for Uganda by Fafchamps and Hill (2005) . Selling at a village retail market seems to yield a large (10 percent) price premium, but the effect is only significant in the pooled regression, so it could be a compositional artifact.
Looking at the un-pooled specific regressions, we see that the premium by sales varies considerably depending on the crop: selling on wholesale markets (unregulated or regulated) fetches a significantly higher premium for tomato. Prices for mango are higher at the farm gate, especially compared to unregulated wholesale markets. 
CONCLUSION
Using original survey data that we collected in four Indian states, we have examined how quality control takes place in the value chain for five non-staple crops -mango, tomato, potato, maize, and turmeric. We presented a model in which information about crop attributes influences unit price. We showed that, in the absence of external verification, theory predicts that information about unobservable attributes cannot be credibly transmitted if buyer and seller do not trust each other. As a result, information about these attributes does not circulate through the value chain and growers receive no incentive regarding unobservable crop attributes.
In agreement with model predictions, we find that information about the type of irrigation crops received or the application of pesticide and chemical fertilizer is not passed along the value chain. As a result, producers are only interested in agricultural practices that raise the quantity sold or improve observable characteristics of the crop, such as grading, packaging, or drying. The same is true for postharvest treatment such as fumigation, which is undertaken by few traders and seldom reported to buyers.
Sellers in general only report observable attributes to potential buyers. This is consistent with the absence of trust: if the buyer does not trust the seller, there is no point making unverifiable claims about items for sale. There is further confirmation of this interpretation in the finding that buyers always check
observable attributes of what they purchase -they do not simply rely on the seller's report.
Retail market infrastructure for non-staple crops is not very developed. The majority of markets are not paved, many do not have dedicated stalls for non-staple traders, and there are few grading or coldstorage facilities. Sanitation facilities are largely deficient, with few public toilets, inadequate drainage, and little or no coordinated pest control. Auctions are conducted in an informal manner, with little information explicitly conveyed to buyers who have to inspect each consignment personally.
We find that agricultural practices have no effect on unit price. In contrast, a significant price premium is paid to growers for drying, grading, and packaging the crops they sell -attributes that are immediately observable by buyers. The purpose of these attributes appears to be to reduce transaction costs to traders: they are only valued by traders and do not translate into unit price premiums further down the value chain. This is consistent with the view that packaging only serves to facilitate the work of wholesalers, but carries no useful information further down the value chain.
By vertically integrating the value chain and by creating a long-term trust relationship between grower and buyer, contract farming can in principle provide a commitment mechanism capable of overcoming the information transfer problem. In our sample we find that few growers sell on contract.
Those who do are predominantly mango growers who sell their crop forward. Contracts are of relatively short duration and the buyer only provides harvest labor, not inputs, seeds, or directions to improve quality. It is possible that more sophisticated contract farming practices exist in India, but they are probably quantitatively very small for the five non-staple crops that we studied.
These findings suggest that the value chain for non-staple crops in India remains fairly undeveloped. The findings reported here suggest that, because of credibility issues, the market cannot deliver sanitary food in a decentralized manner. There is therefore room for coordinated action to improve the infrastructure and pest-control practices of existing retail markets. We are particularly concerned about the poor sanitation that characterizes most non-staple retail markets. Although the Indian poor may not have the money to pay for more sanitary food, we are concerned about the potential health risk that results from this situation -particularly with respect to e. coli and other bacteria.
It is conceivable that, given the level of development of the country, many Indian consumers are unwilling to pay a large price premium for higher quality fruits and vegetables. We also suspect that few consumers would value organically grown produce. But rapid growth and the rapid rise in incomes are likely to result in a dramatic rise in the demand for safe, high-quality food. India's capacity to export nonstaple produce, in raw or processed form, also depends on its ability to guarantee quality. The current value chain for the crops studied is mostly unable to satisfy this demand.
